Objectives: To evaluate endodontically treated molar fracture resistance restored with CAD/-CAM lithium disilicate (LDS) crowns with different amalgam core preparation design.
been proposed including intracoronal post systems, modified directly placed restorations, different core materials and designs, as well as adhesive considerations, all of which exhibit distinct advantages as well as some disadvantages. [1] [2] [3] [4] [5] [6] [7] [8] Regardless of the foundation core, a full crown restoration remains the most popular restoration method. 9 All ceramic, CAD/CAM full coverage restorations are becoming increasingly popular as this method provides expedient prosthesis fabrication with acceptable marginal accuracy. [10] [11] [12] [13] [14] [15] [16] [17] [18] Compared to traditional laboratory-fabricated cast restorations, CAD/CAM-generated restorations rely more on adhesive technology, which proponents claim can compensate for loss of traditionally recommended preparation features. 19, 20 For the restoration of endodontically treated teeth, CAD/CAM advocates emphasize the "endocrown" method, which
consists of a merged crown and core unit adhesively bonded into the pulp chamber and the remaining tooth structure. 21 The endocrown method is said to provide a more conservative option to traditional post and core restorative strategies while providing equitable results. Dejak and Młotkowski 26 using an in silico finite element analysis reported that under simulated masticatory function the endocrown had lower dentin stress concentration than compared to traditional post and core methods. Accordingly, the endocrown has been evaluated with recent longer-duration studies relating positive clinical outcomes. 39, 43 A recent systematic review suggested that endocrowns may perform similar to and/or better than conventional treatments involving intraradicular posts, direct composite resin, or inlay/ onlay restorations. 44 However, those authors cautioned the need for further studies as the systematic review conclusions were based only on three clinical trials and five in vitro studies. 44 While in vitro literature reinforces the molar endocrown concept, some reports identify a potentially unfavorable failure mode. 45 CAD/CAM advocates promote the endocrown method as providing improved ceramic adhesive bonding compared to that with amalgam or resin cores, stating that the endocrown preparation provides more dentin surface available for adhesive bonding. Some further anecdotally infer that the adhesive bond to amalgam and/or resin cores is not as effective as that to dentin, 46 while providing expedient coronal sealing that is crucial for the success endodontic treatment. [47] [48] [49] [50] The purpose of this study was to evaluate the failure resistance of CAD/CAM generated molar endocrowns compared to amalgam-core-supported, all-ceramic crowns based on different preparation dentin axial wall height (AWH) features and adhesive strategies. The null hypothesis was that there would be no difference in the failure resistance between the methods.
| MATERIALS AND METHODS
Eighty-four freshly extracted human mandibular third molar teeth were used in this study which had been removed as per routine clinical indications. These teeth were collected from local oral and maxillofacial surgery clinics under local Institutional Review Board (IRB) protocol approval. The molars were randomly divided into seven groups (n = 12) with the coronal tooth structure removed perpendicular to the root long axis at the facial-lingual height of contour with a water-cooled, slow-speed diamond saw (Buehler). The pulp chamber was exposed using diamond burs (6847.33.016; Brassler, Savannah, GA) in a high speed handpiece (EA-51LT; Adec, Newberg, OR), with pulpal remnants removed, and canals instrumented using endodontic hand instruments. Canal orifices were further prepared using GatesGlidden rotary instruments (Sirona-Dentsply-Maillefer). The specimens were then imbedded in self-curing denture base resin (Impak Self-Cure).
The endocrown group pulp chambers were restored with a twostep, self-etch adhesive (Clearfil SE; Kuraray, Houston, TX) and a dualcure resin core material (Gradia Core; GC America, Alsip, IL) with the pulp chamber floor finished parallel to and at a uniform distance of 2 mm from the endocrown occlusal ters and available dentin surface area, specimens were then measured using a digital measuring microscope (KH-7700; Hirox). Prepared specimens were scanned using a standardized template simulating clinical conditions using a CAD/CAM unit (Cerec AC/Cerec MC XL;
Dentsply-Sirona, York, PA) followed by fabrication of lithium disilicate 
| RESULTS
The mean preparation parameter measurement results are presented in Table 1 .
The endocrown specimens presented the greatest amount of dentin mean surface area for bonding. Preparation standardization attempts within the groups were reasonably attained, as dentin surface area covariance within the groups ranged from 4% to 9%, with the one outlier being the minimum-ferrule, bonded amalgam core group exhibiting 16% covariance. Furthermore, preparation surface area between the amalgam core groups with the same ferrule design displayed approximately 14% covariance, while amalgam surface areas ranged from 7% to 14% with one outlying group having 21%
covariance.
Resultant mean failure load results are listed in Table 2 . Results identified the 1 mm dentin AWH amalgam core group having the highest failure load but was statistically similar to the 2 mm dentin AWH amalgam core (P = .99), 2 mm dentin AWH bonded amalgam core (P = .99), and the 1 mm dentin AWH bonded amalgam core groups (P = .99). The endocrown group demonstrated significantly lower failure load than the 1 mm dentin AWH group (P = .049), as well as the bonded 2 mm AWH amalgam core group (P = .014) and Table 3 . 21, 24 and recent results of a 7 and 10 year clinical studies are the first longterm reports that further suggest the viability of the endocrown method. 39, 43 This current study evaluated the fracture resistance of endodontically treated mandibular molars restored with full coverage, all The failure load results are graphically displayed in Figure 5 .
| DISCUSSION
Under the conditions of this study the null hypothesis was rejected.
The endocrown preparation did contain approximately 30% more dentin surface area available for bonding than the amalgam corebased restorations containing 2 mm dentin AWH, over 40% more dentin surface than the 1 mm dentin AWH, and almost 70% more dentin surface than the 0 mm dentin AWH groups. While the endo- Limitations of this study include that only one self-adhesive luting agent was used and results using other materials are not known.
Furthermore, specimen thermocycling challenge was beyond the scope of this evaluation due to equipment limitations, of which thermal challenges have been suggested to cause stresses between luting agent and crown and tooth surfaces. 51 However, the chief limitation was that this study involved only sample static loading and not cyclic fatigue forces which have been suggested to more closely align with clinical results. 52 These preliminary results are planned to be further evaluated involving fatigue loading of the samples in a moist environment at intraoral temperatures. 
| CONCLUSIONS
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